Observer perceptions of skin color with a 15-step skin tone panel were evaluated during an as yet unpublished case-control study of malignant melanoma. Skin color is a risk factor for melanoma, and the skin tone panel was introduced in an effort to reduce its misclassification. Reflectances of the 15 artificial skin tones were measured at four wavelengths with a reflectance spectrophotometer. Six observers each evaluated the skin color of eight study subjects twice under three lighting conditions, and the results were transformed to reflectance values. Components of variance analysis demonstrated that between-subject variability contributed 63% or more of the variance at wavelengths of 400-600 nm, while observers, light source, observation time, and error contributed 30% or less. At 700 nm, only 25.5% of the variance was due to subjects, indicating lower levels of reliability. Similarly, the correlation of visual and spectrophotometric assessment of skin reflectance was higher at 400-600 nm (r = 0.63-0.71) than at 700 nm (r = 0.41). Thus, the value of the skin tone panel-based assessments depends upon knowledge of which wavelengths most closely relate to the physiologic risk factor. For instance, reflectance at 650-700 nm is a better measure of skin melanin content than reflectance at lower wavelengths. Since the role of melanin as a risk factor remains in doubt, the utility of this technique has yet to be demonstrated. However, data from the casecontrol study and from this validity and reliability study will allow us to develop an analytic approach that minimizes misclassification of skin color as a confounder.
ancestry, a history of multiple benign nevi, and light skin color (1, 2) . In epidemiologic research, care must be taken with the way these factors are evaluated and analyzed so that their effects are estimated accurately in multifactorial analyses. A case-control study currently underway in southern Ontario has been designed to evaluate ultraviolet light (including that from fluorescent light) as a risk factor for melanoma (unpublished protocol). Previous work on the relation between fluorescent lighting and melanoma has not consistently shown an association (3-7). Elwood et al. (7) points out that studies using interview-based assessments of fluorescent lighting exposure have tended to find an association (3, 6, 7) , while studies using postal questionnaires (4, 5, 7) have not. In making this observation, the authors (7) suggested that interviewer bias was a more likely explanation than bias due to respondent recall. This underscores the need for reliable methods of measuring risk factors in future studies of malignant melanoma.
Skin color, one of the most important risk factors of malignant melanoma, appeared to us to be particularly difficult to measure. Evidence that skin color is a risk factor for melanoma began accumulating with the observation that dark-skinned persons were at low risk of cutaneous melanoma, except on the soles of their feet (2) . Moreover, rates of malignant melanoma vary widely among people of European origin (2, 8) . Scandinavians tend to have higher rates of melanoma than Mediterranean peoples, regardless of their place of residence (2) . Studies in Texas and New Mexico demonstrated that Hispanics have lower rates of melanoma than other whites living in the same geographic area (2) .
The implication from these ecologic correlation studies, that skin color is a risk factor for melanoma, has been confirmed in several case-control studies relating melanoma to pigmentary characteristics. Gellin et al. (9) found that 50 per cent of melanoma cases were "fair" in complexion, compared with 37 per cent of controls in a study of malignant melanoma from the New York University Medical Center. In an Australian population, Holman and Armstrong (1) demonstrated an odds ratio of 3.1 as the reflectance of skin on the left upper inner arm increased from less than 47 per cent to 65 per cent or greater. Elwood et al. (10) showed a 3.4 odds ratio in lightskinned western Canadians, compared with a dark-skinned reference group. Despite these observations, some studies have avoided including skin color as a potential confounder. Lederman et al. (11) collected information on tanning characteristics for a study of melanoma in relation to estrogen administration, but did not include skin color. Similarly, Klepp and Magnus (12) , as well as Green and Bain (13), used only hair and eye color. Other studies mention the collection of skin color information but do not describe in detail the specific methods used to obtain it (3, 4, 14) . In each of these studies, the potential confounding effect of skin color was omitted from the results. Their results differ markedly from those of Elwood et al. (10) , and Holman and Armstrong (1), whose clearly stated methods of assessing skin color accompanied high univariate odds ratios.
Elwood et al. (10) evaluated skin color of one area not exposed to the sun (upper, inner arm) and one exposed area (dorsum of hands). Color was determined by direct comparison with samples made up specially for the project. Holman and Armstrong (1) demonstrated that the apparent contribution of skin pigmentation to risk depended on the body site at which skin color was observed. High reflectance (light skin color) was found to be a risk factor when measured at the left upper, inner arm but not at the left shoulder tip or the dorsum of the left hand. Interviewers in urban areas used goggles with monochromatic filters when taking skin color measurements. In rural areas, skin color was graded visually against a 10-step complexion chart, then converted to reflectance values. However, in neither of these studies was the reliability or validity of the methods thoroughly described.
Threats to accuracy and reliability may involve the reference standard for skin color, interviewer perceptions, and the source and intensity of the ambient lighting by which the observations are made, as well as the skin site being assessed. This paper first describes an empiric comparison between the subjective visual ranking of 15 skin tone panels and the corresponding reflectance spectrophotometric measurements. Then it describes a study in which interviewers rated the skin color of the upper, inner arm of eight subjects under three different lighting conditions, using a 15-step skin tone panel. The study was designed to permit estimation of components of variation in the observations that were associated with subjects, observers, lighting conditions, and temporal trend. Reflectance was measured by spectrophotometry on the study subjects and skin tone panels in order to validate the visual estimates of skin color.
MATERIALS AND METHODS

Skin tone panels
The skin tone panels consisted of 15 colored discs adhered to a thin, white translucent triangular background. Ten equally spaced holes were cut out of the triangles at each point where three colors abutted. This permitted direct viewing of the skin tone to be matched. The background and panel materials were flexible, which facilitated the comparison with skin at various sites. The skin colors were chosen for inclusion in the 15 panels by using a sample of 30 individuals with a range of coloration from light Caucasian, to Oriental, to Pakistani, to Negroid. Color values were interpreted by a head and neck prosthetist who used a composite of medical grade silicone, kaolin (for opacity), and oil paint and flocking as coloring agents.
Trained interviewers conducted the skin color assessments on subjects in a variety of environments. This was part of the main questionnaire interview of cases and controls. Interviewers were instructed to place the triangular color sample panel on the inner aspect of the study subject's upper arm in order to compare the color discs with the skin until the closest match was found. Surface heterogeneities such as freckles and veining were ignored. For each subject, the number of the selected panel was recorded. As a preliminary to this study, the relation between the subjective visual rating and the reflectance spectrophotometric rating for the 15 skin tone panels was examined. Subjective rankings were obtained independently from each of the study investigators, and discrepancies between these rankings (one to 15) were reconciled to obtain a consensus, using the algorithm described in the analysis section.
Agreement study workshop Six study interviewers participated in an agreement study workshop following their basic interviewer training but before they had had extensive experience in the field. The range of completed interviews at the time of the workshop was two to 19. Eight subjects (who were not cases or controls in the main study) were selected with skin colors ranging from light Caucasian, to Oriental, to East Indian. (A black study subject was not included because blacks were excluded from the main case-control study.) The interviewers were asked to evaluate the skin color of each study subject using the skin tone panels under three sets of lighting conditions. First, overhead fluorescent lights only were used in a room with no natural light; second, incandescent floor lamps only were turned on in the same room; finally, study subjects were taken to another indoor location lit only by daylight where their skin color was evaluated once again. All interviewers evaluated subjects under one set of lighting conditions before the light source was changed and the readings were repeated. The entire process was carried out twice over a period of approximately two hours during the workshop; a total of 288 measurements were taken (six (interviewers) X eight (subjects) X three (lighting conditions) X two (replicates)). The order of subject presentation was changed periodically during the workshop. This complete factorial design allowed us to estimate independently the components of the measurement variability associated with study subjects, observers, light sources, and time, and also to evaluate the interactions of these factors.
Validation by reflectance measurements
Reflectance measurements on the skin tone panels and study subjects were carried out by staff at the Department of Physics, McMaster University, with a CARY 14 reflectance spectrophotometer with a diffuse reflectance accessory. The skin tone panels were assessed with a magnesium carbonate block as backing, yielding spectra similar to that of real skin. The reflectances of the 15 skin tones were easily discerned to be different from each other-even the close members of a color group were found to have distinguishing features in their spectra. However, the differences were not consistent across all measured wavelengths because the panel skin tones were produced using different colored pigments to achieve their unique color shading. This meant that the spectrum of the panels was due to the mixture of pigments, as well as to the supporting medium. To overcome this problem, we measured reflectances separately at four different wavelengths (400, 500,600, and 700 nm) and incorporated them into the statistical analysis.
The reflectance spectrum of real skin was simpler to interpret than the skin tone because the observed features had a direct physical interpretation. The "color" of skin is primarily due to two factors: melanin in the skin and the presence of blood. Up to wavelengths of 620 nm in the visible light region, both contribute to the spectrum, but in the near infrared region (650-700 nm), the contribution from blood is negligible, so that measuring the reflectance of skin in this region is a more direct measurement of the melanin concentration (15) . For this reason, it has been suggested that characterization of melanin content of skin should be based on the slope of the reflectance spectrum in the wavelength region 645-705 nm (15) . However, two samples of human skin with identical melanin contents might appear to be different colors because of differences in the blood component or different amounts of other pigments. Also, skin tones in the panels might appear to the eye to be different despite similar reflectances in the 645-705 nm region.
Since the specific attribute of "light skin" that constitutes the risk factor is unknown, it is unclear whether analysis should be confined to the near infrared spectrum, the visible range, or both. Direct measurement of cases and controls by means of the reflectance spectrophotometer and calculation of odds ratios at specific wavelengths would best resolve this question. Holman and Armstrong (1) equipped urban interviewers with goggles fitted with monochromatic filters in order to confine their perceptions to specific wavelengths. However, given that direct reflectance spectrophotometric measurement of all cases and controls would be impractical, it was felt that an indirect approach, assessing interviewer agreement and validity, was the most practical method to evaluate the quality of the epidemiologic data. Table 1 gives the visual rankings for each of the 15 skin tone panels, assessed by the six project investigators (who did not include any of the interviewers participating in the agreement study). Low ranks indicate a light-colored panel, and high ranks indicate a dark-colored panel. Each of the assessors worked independently and constructed her ranking before consulting the other assessors.
RESULTS
Construction of visual consensus ranking
The consensus ranking was obtained in the following way. Working from dark to light, the darkest panel was identified by each assessor as panel J. After eliminating panel J from the choices, panels O and N were chosen unanimously as the second and third darkest, respectively. At the next step, four assessors chose panel M, and two chose panel I. By a majority rule, panel M was designated as the fourth darkest in the consensus ranking and was then eliminated from the remaining choices. Continuing in this way, it was possible to construct the entire consensus ranking without ambiguity, with the exception of the choice of the fourth lightest panel. At this step, each of two assessors chose panels B, C, and F. A choice between these was made from the choice of each assessor for the next lightest panel (i.e., the third lightest panel); in these data, three assessors chose panel C, which was therefore designated as the next, i.e., the fourth lightest panel.
To examine its robustness, the assessors applied the same method but ranked the panels from light to dark. The same final consensus was obtained, except that it was not possible to separate the rankings of panels B and C, even on the basis of second choices. It was therefore decided to use the ranking as shown in table 1, in which unique rankings were obtained for each skin panel. Table 2 shows the consensus ranking in relation to the rankings of the reflectance spectrophotometric readings at each of the wavelengths 400, 500, 600, and 700 nm. It may be seen that the rank correlation between the two is extremely high at 400, 500, and 600 nm but is somewhat poorer at 700 nm, which approaches the infrared range. Table 3 indicates the actual reflectance spectrophotometric readings on each panel, with the panels sorted according to the consensus ranking. These readings give the proportion of light reflected at each wavelength from the sample. It will be noted that most of the discrepancies between the reflectance readings and the visual consensus occur in the panels that are closely grouped in the absolute reflectance spectrophotometric values. Typically, the panels that are misranked visually differ by only 1 per cent or 2 per cent in reflectance. Most of the disagreements occurred at the lighter end of the scale, where the skin panels are more closely spaced on the reflectance spectrophotometric values. In contrast, the darker panels are more widely spaced in reflectance and are correctly ranked by all the assessors, and hence by the consensus. In summary, these preliminary results suggest reasonably good agreement between subjective visual rankings of lightness or darkness with objective reflectance measurements, at least in the visible wavelengths. We now turn to the results from the interior measurements taken during the workshop.
Correlation between visual consensus and reflectance measurements
Lighting condition and perception of skin tone From the information in table 3, reflectance values can be identified for each visual assessment made by the interviewers with the skin tone panels. For instance, the interviewer's assessment of an individual's skin as being closest in color to panel A corresponds to a reflectance value of 27.5 per cent at 400 nm. Table 4 shows the mean reflectance values (at various wavelengths) of the panels chosen during the course of the study. These values are based on the skin tone panels that were designated by our interviewers as the closest matches to each human subject. Each figure shown in table 4 is an average over all eight subjects, six observers, and two replicates used in the study. It is apparent that the major difference in reflectance is between wavelengths, with an increasing value as one moves from the ultraviolet to the infrared range. At each particular wavelength, however, there is only a slight effect of the lighting condition; the values in daylight are slightly higher than in the other two lighting conditions. Nevertheless, as the later analysis will show, this variation associated with lighting condition is negligible in comparison with the variation between subjects. Table 5 shows the analysis of variance (ANOVA) for the reflectance values at 500 nm, again obtained by converting from the skin panel choices to the reflectance spectrophotometric equivalent reflectance value. The ANOVA table indicates that there are significant effects of the subject, the observer, and the lighting condition. However, the effect of time is not signifi-cant, suggesting that there was no learning effect from the first to the second reading.
Components of variance
The values of the mean squares suggest that the subject is the most important source of variation, even though the variation associated with observer and light source is also significant. A better indication of the relative contribution of each of the components of variation in the model is given when the expected value of the mean square is decomposed according to the contributions from random error and from the specific variances in question (16) . This decomposition is shown algebraically in table 6. In table 6, subjects and observers are regarded as random effects, being treated as random samples from a population of possible subjects and observers. The lighting condition and time have been taken as fixed effects, because the three lighting conditions in the experiment (fluorescent, incandescent, and daylight) were chosen deliberately, and were not a sample from the set of possible lighting conditions, and "time one" and "time two" represent the repeated occasions on which the measurements were made. The expected mean square decompositions for each of these effects are made up of contributions from the error mean square and from the other variance components. The multiplier for the latter in each case is the product of the numbers of strata for each of the other effects. For example, the multiplier 36 for the subjects' variance is equal to 6 X 3 X 2, this being the product of the number of levels for observers, light, and time.
By equating the numeric values of the mean squares in the data to their expected values under the decomposition shown in table 6, one may estimate each of the variance components in turn. For instance, the mean square associated with pure error is estimated simply by equating the observed and the expected values of the corresponding mean square. To obtain an estimate of the component of variance due to subject, one needs to solve the following equation The other components of variance may be estimated similarly. Table 7 shows the results when the decomposition of variance is applied in this way to the data at 400, 500, 600, and 700 nm. Also shown are the results for index 1, which is an unweighted average of the observations in the visible light range at 400, 500, and 600 nm. These results have been expressed in percentage terms. It may be seen that the dominant component of variance is the subject, at each of the visible wavelength measurements (400-600 nm), contributing between 63 per cent and 71 per cent of the total variation. The next most important source of variation is the pure error, contributing 25 per cent to 30 per cent of the variation in the visible range. The remaining components (observer, light, and time) are unimportant, contributing only a very low percentage of the total variation.
H = (MS S -MS E )/36;
For the readings at 700 nm, the subject is a much less important source of variation, contributing only 26 per cent of the total. The pure error is the dominant form of variation here, with 71 per cent of the variation, but again, observer, light, and time contribute very little. The conclusions from the analysis of the components of variance for index 1 are qualitatively very similar to those obtained from the individual wavelengths. Again, the subject dominates, with approximately two thirds of the total variation.
Our next analysis determined whether the contribution of each source of variation in the visual assessment of skin color depended on the experience of the observer. At the time the agreement study was carried out, the six interviewers had completed between two and 19 interviews in the field. Table 8 shows the components of variance associated with subject, light, and time, displayed for each observer separately, with the observers ranked according to the number of interviews they had completed at the time. For index 1, this analysis is the average reflectance in the visible range. Table  8 indicates a tendency for the relative between-subject variability to increase with the experience of the observer; the most experienced observer (with 19 interviews) had 87 per cent of her total variation asso- Total 100 100 100 100 100 * Index 1 is an unweighted average of the observations in the visible light range at 400, 500, and 600 nm dated with subject, in comparison with only 57 per cent for the least experienced interviewer. The trend is not completely consistent, however. Interviewer B, who was the second most experienced, showed lower between-subject variability than would have been expected on the basis of the results from the other observers. It is reassuring to see that time made a relatively small contribution for each of the interviewers. Light is also unimportant, except for interviewer F (the least experienced), for whom light explained 24 per cent of the total variation.
The previous analyses have ignored the possibility of interactions between two or more of the factors. Table 9 shows the components of variance for index 1, allowing for each of the six two-factor interactions. The coefficient for the terms in the expected mean square column are derived in a manner similar to that for the main effect model. For instance, the coefficient 6 for the interaction of subjects and observers is obtained as the product of 3 X 2, the number of levels of light and time.
The results shown in table 9 indicate that although three of the interactions are statistically significant, they make up relatively small components of the overall variation. As in the main effects model, the subject is the dominant form of variation, followed by random error. Similar analyses were carried out for each of the individual wavelength results, and the results were qualitatively similar.
Our final analysis was to compare the interviewer assessments of the skin colors of the eight subjects, using the skin panel, with reflectance spectrophotometric readings that were made on the same individuals. Simple linear regression analyses were carried out for each wavelength, using the reflectance reading for the eight subjects as the independent variable and the interviewer-assessed values as the dependent variable (see table 10 ). There were 36 interviewer assessments (six observers X three light sources X two replicates) for each study subject at each wavelength. On the basis of the components of variance analyses, the effects of observer, light source, and replication are ignored.
Ideally, if visual assessments were exactly reproducing the reflectance spectrophotometric measurement, one would expect to see a slope of 1.0 and an intercept of zero. The results in table 10 indicate that the slopes are all significantly less than 1.0, because the slope estimates differ from 1.0 by many standard errors. In addition, all the intercepts are significantly greater than zero. That the slopes are much less than 1.0 indicates that the change in responsiveness of the machine, as one moves from low to high reflectance, is greater than that obtained by the eye. This effect is most marked when considering the longest wavelengths (700 nm). Since the eye responds to all wavelengths simultaneously, human perceptions of skin color are full spectrum, rather than monochromatic. It is possible that the ways in which this information is integrated at the retina or cortex reduces the apparent between-individual differences in skin tone that are detectable at specific wavelengths by the reflectance spectrophotometer. The data were reanalyzed excluding the darkest-skinned study subject since her reflectance values were closest to the origin (zero reflectance) and were the most influential points in the regression. However, the reanalyses did not show any appreciable change in slopes or intercepts.
DISCUSSION
Simple methods of assessing skin color are necessary because reflectance spectrophotometers cannot be used in communitybased studies without considerable inconvenience and expense. Tables 7-9 demonstrate that the skin tone panel method described in this paper provides assessments that are relatively independent of the experience of the observers and the background light source. The subject effect conveys approximately two thirds of the variation in interviewer color assessment. Results of the analyses for validity are more equivocal. In the visible range, 40 per cent to 50 per cent of the variation in reflectance of the skin tone panels chosen by the observers is explained by the measured skin reflectance of the study subjects. This might be considered a moderately high level of agreement. At 700 nm, the proportion of variance explained drops to 17 per cent. Table 7 reveals that the proportion of variance due to subjects at 700 nm is much lower than at 400-600 nm. Therefore, if the primary property of skin color that is associated with the development of melanoma is measured within the visible light spectrum, the use of the skin tone panels is relevant in determining one's risk of disease. If the primary factor is melanin, the use of skin color panels is less valid. Further assessment of the skin tone panel method is inhibited by a lack of information about the physiologic nature of the risk factor. Had we assumed that the melanin content of the skin constitutes the risk factor, it would be possible to use a pigmentation index confined to the higher wavelength region of the spectrum, wherein the influence of hemoglobin in the reflectance spectrum would be negligible. Dawson et al. (15) have proposed such an index which includes only wavelengths between 645 and 705 nm. If one considers this the relevant region of the spectrum, the performance of the skin tone panel would be best approximated by our analyses at 700 nm.
Perhaps a more important question is whether using skin tone panels will lead to misclassification of skin color. In general, misclassification of skin color as a potential confounder might lead to an over-or an underestimation of the odds ratio for ultraviolet light exposure, and might artificially produce or eliminate odds ratio heterogeneity across levels of skin color (17) . Table  2 , which shows the rank correlations of spectrophotometric and visual consensus estimates of skin panel reflectances, is helpful in this regard. From 400-600 nm, the correlation is high, suggesting, for example, that a trichotomy of skin colors into "light," "intermediate," and "dark" would not lead to substantial misclassification at these wavelengths. However, greater potential for misclassification appears to exist at 700 nm. Table 3 reveals that the reflectances of 11 of 15 skin tone panels are within 5 per cent of one another at 700 nm, but from 400-600 nm, the range of reflectances is much broader. Thus, a trichotomy of skin panels would be more likely to misclassify the skin colors of study subjects into different groups in instances in which the skin colors had fundamentally similar reflectance characteristics at 700 nm. If melanin content of skin were the physiologic risk factor, such misclassification would probably lead to an underestimate of its independent effect as a risk factor for melanoma (17) . Melanin content would also have an unpredictable effect as a misclassified confounder. When our casecontrol study is complete, we will be able to analyze the data using different methods of classifying skin color, knowing the reflectance characteristics of the skin tone panels used by the observers. This will allow us to find the classification of skin color that maximizes its effect size as an independent risk factor, thus minimizing possible misclassification of skin color as a confounder.
